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ABSTRACT

The preasurs distributioms over the canopy of W rigid parachute
kodeis ¥ere mede in & speed rangs of free stream MACH pumbers fram
6 to 1.2, ternal and external pressure distributions we:e conducted
oc a gulda zurface add a ridtbon modol parachute. The results of thase
data wil: bc used in dstermining an accurate method of calculating the
haat iranefer throughout a parachuie canopy during desecent. Pressabded
amre dotafls pertuin ag to the test methods a4 equipment wsed to obtain
the experic=ntal data.
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SYMBCLS USED IN THIS REFCRT

Local static pressure

Free stream static pressurer

Total pressure in the wind tunnel
{sentropic atagnation temperature
F‘rée stream Mach number

Reynolds number

Toto 1 temperature in the wind tunnel,

Ratio of specific heats » Cp
v
Coefficilent of pressure defined ass




I, INTRODUCTIN

This report summariges measurenients of pressure distributicns
over the canopy of two rigid parachute models. This study was
originatad under Contract Noe. AF 33(616)-3755, but vas discontinued
through an exacutive order on Serts 6, 1957+ Because of related studies
parsued by Sandia Corpofa tion, Albuguerque, New Mexico, the evaluation
and analysis of already recorded dsta was requestad and sponscred by
Sandis Carporation through s purchase vaaqusst issued on March 3, 1958,
The investigation was conducted on a guide surface and a ribbon
parachute model with 20% geametric porosity. Both models had a 2,5 inch
maximum projected diameter. The tests were mads in & speed mnge of
Man = 0.6 to 1.2,

Presented in the body of the report are shadowgraphs, pressure
distribution plots and tables for both internal and extermal pressure
distributiors. Also presented are surmmary plots showing the variance
of the pressure coefficients for the Mach number range under
consideraticn.

The wind tunnel experiments were condicted in the 12 x 16"

trenscnie wind tunnel of the Rosemcunt A eronautical Laboratories.

iT. TEST EQUIFMENT

The parachute models were mounted at zero engle ¢f attack and
the test range was fron Mgg = 0.6 tc Mge = 1,25. The Reynolds
number renge was from 6.99 x 105 to 9.71 x 105 with maximum model

dismetar of 2,5 inches as the characteristic dimension.

Manugeript roleased by the author Decomber 1958 for publicaticn as a
Wil Technical Note )
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The model s were sting mounted to the balance system., The
mounting polnt of t:he model to the sting correspcnds to the vent hole
of a full sized parachute. (See Figs 1, 2, 3 andL). The ratio of
the sting diameter to the maximum diameter was 0.175, the ratic of the
sting length to the maximum diameter was 2.95, and for these
proportions the sting effects were considered ney” igible.

The zera angle of attack was measured with raference to the test
section center line, however, the data indicated an unsymmetry of
less than 0.5 deprees angle of attack. Since both riodels are bodies of
revclution and no reason for tr.ly unsymmetrical pressure distribution
can be seen, the oblained dat: were averaged to syrmetry with respect
to the modcl centerlines,

Throughout the wind tunnel tests, shaduwgraph pictures were
obtained of each experimeni. Being free from wall reflected waves,
and wi th sufficiently low dew point temperature, the shadowgraph
rictire pave a satisfactory indication of the wake and the shock waves,

The guide surface parachute model and the rib-cn parachute
nodel zave a blockage effect of 2,56 percent and 0,65 percent,
respectively, which is smali enourh to neglect any wind tunnel cor-
rections fr:'n' interfer=nce effects,

A schematie dmuing (Fip G) rshmys the mancmeter board connacticns,
The pressure tap leads are gulded internally through the sting and
the bundle of tubing leaves the wind tunnel far enough downstream tc
avcid adverse pressure effects. The free stream Hach number (Mgq )

was obtained by use of previously cslevlated calibration charts fer

abs TN 59-32 «2a
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the transonic tunnel considering no interference effects. This
arrangement was used for both the guide Jurface and the ribbon type

parachute model,

III. MCIBL DETAILS

Three models of esch parachite were made. Une for shadowgravh
pletures, one for the measurerent of intemeal 2nd cne for the
measurement of extemal pressure distributions. All models were con-
structed of 0.037 inch stainless stesl and manufactured according to
Figs-é, 7, and &, It shouid be noted that the puide surface parachute
models have an overall diameter of 2.L69 inc'ew l:istead of 2.5 inches.
This was caused by the arrangement of a defined mdius at the corner
of the intersection between the truncated ~one and the spherical rcof.
For simplicity, the model has been referred to as having a 2.5 inch
maxirmum diameter.

Attenticn 1s called to damape of the ribhon parachute mcedals
shewn in Fig 9 and 10, which was crused by high frequency vibraticn
of the models when subjected to tmn.. nlc flow. In order to prevent

this type of damage, croaswisely arrangod stiffeners were placed in

the inside of the models, These stiffeners were made of two half

Cn the basis of a random distribut.ion of the intarnal pressure taps

around the periphery of the model, it was crncluded that the

stiffeners did not noticably effect the pressure distribution.
Figs 11 and 12 11. -strate the locaticns of mressure taps, the

dimensions given in terms ot maximum diameter.
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IV,  PRESSURS wISTRILUTION

The cbjeetive of this project was the determination of the
internal and external coefficients of pressurs (Cp) for thea ribbon and
guide surface parachutes for varying Mach pumbers.

The cosfficlent of pressure was defined as:

S = AP . A=K . A~ = 2 fh_ 4] w
£ ¥ . Mo i\ A
#heTe: L iz ths local ststic pressure

Fe# 1B the free stream static pressure
Meos 18 the free stream Mach pumber
?-' ‘t( v is the dynaaic pressure
¥ is the rotio of specific heats (essumed = 1,40
for tempsruture range of 72° - 94°F during tests)

In transonic and low supersonic {low, une may 2xpect that inside
of 4 hollow. nou=porous or mildly porous object, the local pressure
amounis to apjroximatcly the isentropic stagnstion pressure. In
compressible flrz the stagpation pressure PO can be oxpressed in terms

of the dyn:nic pressure by means of the wWell known relationship.

[ T &
P = p + ( g-ﬂ.....* Ll -ﬁL ... )
o "l Tg{/ 4 7o 7500 t + (@)
If perfect isentropic stagnation pressure is acrtieved on the inside

of the par.chute models, then the pressurc coefficlent would amount to®

’-—A_p—g . o I‘ i i
G % l+%+%+73—d}+“'+
(3?

* Liepman, H. 7., and Fuckett, A.2. "Introduction to .erodynamics of
a Compressitle Fluid*, Galecit ieronautical Series, p. 76, John
Wilsy & Sons, Ine., tiew York, 1947.
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For convenient comparison, the pres:zure ccefficient, CPAV’ as
defined in Eq. 1, measured and averaged over the entire inside of
the parachute models, and the value of Eq 3, which 15 merely a function
of Mach numher, is indicated on e=ch schematic presentation of the

pressure distribution.

V. EXPERTMENTAL RESULTS

A. Ribbon Type Faracihute lodel with Twenty Ferrent Geometrice Poresity.

Tests were conducted at the following Mach numbers:

External Fressure Internal Fressure
M = 0.610 M = 0.612
M= 0,812 M =0.810
M =0.50k M =0.505
M =0.951 M =0,956
K =0.598 M= 1.014
M = 1,061 M= 1.063
Me 1,128 M= 1.115
Me1,191 M= 1,192

Since these Mach mubers vary only in the third decimal place,
average Mach numbers are referred to for simplicity. The average
Mach numbers are considered as 0.61, ©.81, 0.5C, C.95, 1.00, 1,12
and 1.19.

Figs 13, 15, 17, 19, 21, 23, 25 and 27 are the shadowgraphs of

the flow patterns for the above mentioned Mach numbers.

WAlC TN 59-32 ~Ge



Tne ccmbined internal and exwemal pressure coefficients are
shown in Figs 1k, 16, 18, 20, 22, 2k, 26 and 28. Vectors pointing
tow~rds the surface of ihe model indicate positive Cp values, whils
vectors pointing away indicate negative Cp values,

Fig 29 shows how the pattern of the pressure distributior. varies

with Mach number .

R, Tuide Surface Parachute HMHodel
The pressure distributicn for the gunide surface parachute model
was aLsc determined by eirht wind tunnel tests for each model. The

tunnel Hach numbers were:

External Internal
¥ e 0,618 ¥ o= 0,612
¥ =0,"05 ¥ =0,801
Yowe, FO0 ¥ =0,P99
M =(.930 M =C,956
Mom 1,007 ¥ = 1,018
Moo= 3,072 1= 1,067
¥ e 1,130 M= 1,135
Mo o1,23L M =1,230

Aéain for simplicity and coemprrison, the experiments were
rensidered to have been perfarmed at Mach numbers of 0,61, 0Q.80,
0.09, 0.94, 1.01, 1.07, 1.13 and 1.23.

Shadowgr-phsg showing the flow pattems are presented as Figures

30, 33, 36, 39, 42, L5, 4b and 51 for the above averapge Mach numbers,

#aDC TN 59-32 b
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For clarity of presentation, the external and interral pressure
distributions are shown on individual figuvres, Aa-befcre a vector
presentation of the pressurs coafficients hag heon shogen. The
external pressure coefficients are shown in Figs 31, 3k, 37, LO, L3,
L6, L9 and 52 while the internal pressure cwffiéienta are presented
in Figs 32, 35, 38, 41, hk, 47, SO and 53.

Figs 54 and 5% show the external and internal pressure coefriciénts

tor the highest and lowest experimental Mach numbers, 1.23L and 0.615

regpectively.

VI, ANALYSIS
A. Ribbon Parachute
Shadowgraphs of the flow patterms are shown in Figs 13, 15, 17,
19, 21, 25 and 27. From inspection of the shadewpr-phs the fellowing
chuservatinns may ke pcinted cut.

1. In subsenic £low (Fip 13) a well defj ne'i-stream of alr passes
throuph the slcts between the individual rib*cn.. This
picture indicates that this flow is subsonic. Fig lsrshows
the same type of flow passing through the slots, By '
examining the pressure ratio acroses the parachute cnanopy
one finds that near the pamchute skirt, the pressure
differential between the inside and outside of the canopy
is sufficient to establish soniz flow. However, the
shadowgraph does not indicate a significant change compured

with the preceding picture.

w..UC TN 59-3¢ 7=



2, Beginning at Mach number 0,897,Fig 17, the air stream be zeon
the ribbons degine ic show o diamond pattern which is
charactaristic of jJet flow with sonic speed,

3s The most praminent indications of sonic flow through the slots
can be seen in Fig 27 (Mg = 1.15L). Figs 25 and 27 aZso
indicate the pressure of a detached shock wave ahead of the
‘parachute model.

The Fig 17 and 19 prove that supersonic flow may exist in the .
slots, éven though tiie free strcam Mach rumber is still subsonic,
:-rhicﬂ can be understood in view of the reduced pressure on the outside
cf the parachute canopy while almost full isentropic stagnation
preasure exists inside the parachute canopys

The individual pressure distribution plots for the ribkbon type
parachute, Figs 1h and following, show the variation of the extermal
and internal pressure cosfficients for each test Mach number. In
general, the pressure distribution diaprams show that with increasing
Mach mumbers the negative value of the extermal coefficients of
pressure decrease while the internal coefficients increase. The net
change of pressure distribution, however, represents a decreaée in
the tendency of inflation of a flexible parachute.

While the pattern of the external pressure distribution changes )
consider~bly with M-ch number. the internal pressure coefficlent assumes
in 21l cases & value approximately equal te ratio of 4F of

q
ecpressitle flow (see Bg.3, Yege 4 ),

WallC IN 59=32 =B
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B, Guide Surface Parachute

Shadowgraph pictures of the flow pattern for the gulde surf-ce
parachute model are shown in Figs 30 and following. The shadowgraphs
are good for purposes of wake visualization, whereas, the expected
expension around the parachute model corner is invisible.

iu individual pressure distribution plots arershown in Figs 31
and following. Included in the plots for external pressure distribution
i3 2n enlarged scale plot of the preaesure distri-ution sbeout the corner,
in which dotted lines inrdicate an estimate of the pressure coefficient
which cbviously underpgoes strong chanpzs in this region. -

The pressure distribution across the roof of the puide surface
model dces not chanpe appreciably, and a]sorremains nearly constant
for any particular free stresm Mach number. 7

Figs 32.and following show that the internal pressure distribution
is also nearly constant across the surface of the parachute model and
that its amount is nearly equal to the isentropic stapna“ion pressure.

Fig 5L is a summary plot showing the external pressure ceoefficient
for the extremities of the test ﬁﬂ[f:, Mes = 0,615 and .1.23!;
respectively. This figure indicates a significont chanpe of the
extern»l pressure with Mach number. In combinaticn with Fig S5 it can

Le seen that the net furce, which kecps the parachute inflated,

external pressure coefficient plotted against the flattened surface

of the guide surfrce parachute. The tap locations correspond to

WaDC TH 59-32 -9~



their act.ual locations on the surface of the parachuta.

Figs 57 and 5f presert the same effect in a diﬂ'emnt Ranner,
and these fignres may be of particalar interest in studies of the
functional behavior of perachutes in transonic and supersonic flow.
It appsars to be evident that with the -pproach of the regi-n of
compressibility, conventional parachutes will display undesirable
characteristics.

The foregoing results have been piesented in a quantitative
mﬂaer than a qualitative manner, which 18 a consequence of the fact
that this study is merely a part of our overall effort to establish
the foundation of aerodynamic retardation and this report should be

considered as merely advanced information.
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5 1.00 L3
6 1.06 Lé
7 1.12 L9
8 1.19 52

PRESSURE DISTRIBUTICN OF GUIDE SUh:ACH PARACHUTE MODELS

TABLE _Mop PAGE
9 0.61 57
1 0.80 61
1 0.89 65
12 0.94 69
13 1.01 7
11 1.07 77
15 1.13 81
16 1.23 85
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Ve TVBING
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N . MDDLE, L2507 L0NG
7 PRESSURE TR, Va2 NI A
DRILL, Va2 TUBING AN FROM ,
ALL .fﬁés THROUGH STING \2 ! A SUPLCORTING STEEL
ADAPTER AND 716 TUBE A & PLATES NOT INCLUDED
osTaNGE  BETweEEn TAaRs= NI N
o253t T Z1IN
NA | 2
, Al N
12 HORIZONTAL | EA
RIBBONS - -~ ;\
0.000 = 00005 NAlll P 12 VERTICAL
il 8 RIBEONS, 1090 %
v : \/ i ) /S 0.0005
12 HORIZONTAL o~ - NG & /,
() . o ™ A /
SLOTS ~ s \\\\_ i \ /
NGAZAE 2 00005 v N/AZ 1 0937 = 0.0005
N . . | v | )
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Y6 rvBING

: |
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y 1
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5L07s, 0090 =
00005 ——

Q037 400/

— 2500+ 0 020
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WnIC TN §9-32

FIG. 12 Shadowg.uph Picture of a Ribdbon
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¢ Cp,, = 063

P STING
L PARACHUTE SURFACE
7 PRESSURE TAP MO'S.
_ o
7,8 - Cos= ap
6,3 ~ 0 T/'
_
0 o5 10
G <0
4,/ COTY T

V4 }
\/ -~ G0
' ' 3,72
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SCALE : 37= 1Y

PRESSURE DISTRIBUTION ON A 2.5”
RIBBON PARACHUTE M., =06/
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TABLE NO. _L_

A’/BBO/V TYDE PARACHUTE PRESSURE DISTRIBUTION

Mg = 2 6/
B EXTERNAL PRESSURE TEST INTERNAL PRESSURE TEST
Mup= 0610 . My = 062
Pop=_11. 132 psia  t=_72 2°F b po=20117 ',,_,,a t= 7" F
By = _1%399 psiq  fe=226%9° \p = 14 32 pae o= 2261407
HP M. | A (psia) Cp mem | A {psﬂ: ) Cp (+)
/ 8.798 - 0 805 / /4 25 /075
2 2.95% - 075/ 2 4z 1052
3 9 463 -0.575 3 4. 2 1973
4 9596 -~ 0547 4 /9 27 S 983
5 997 | -0 408 5 425 1077
6 9879 -0.432 6 /4 28 L 985
7 /0. 35% - 0268 7 /4. 04 /. 993
8 10.349 - 0270 8 mo2_ | 0.39
9 g.884 ~0 430 0 /4. /8 /053
/0 2.8/0 -0.456 10 /4.28 /1 085
7 9 639 - 0.515 /N /4.2 | /080
12 49 527 -0 553 /2 /4, 27 /083
/3 &.895 -0.77%/ /3 4.2/ /062
/4 8.88¢6 -0.715 " o| 1423 1068
WADC TH 59-32

3




WalC TN 59-32 FIG. 15. Shadowgraph Picture of a Ribbon
Parachute odel At slach Nr. 0.805
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Cp=1.140
C ﬁ_'gfu; flit)= 1175

PARACHUTE SURFACE

PRESSURE TAPL NOS

Cp =—A¢E

0 "
0 a5 4
Co SCALE : /*=1V

4

' C <0

4
Cp>0

| S}
T, 7

HALF MODEL OF
RIBBON PARACHUTE
SCALE : 3%=7"

PRESSURE DISTRIBUTION ON A4 25"
RIBBON PARACHUTE M, = 0 8/

WADG T 53-32 3 FIG. 16



TABLE MO £
RIBBON TYPE PARACHUTE PRESSURE DISTRIBUTION
M= 2 81 __
EXTERNAL PRESSURE TEST INTERNAL FRESSURE TEST
Mo = 0 3I2 My =00
Po=_ 7777 _ psia L = 1z ?°F | p,=_9 297 p3a t =-=.,_-_7l.f}_._F
By = 14209 poia  Re=d552 T | Bm B2 ue me=fi2ii”
o | Afpsa) | Co | mew| Alpw) | Coc
/ _fi0s | =078 / SREE | L ser
2 | 635 | o6 | o | e | =5
3 £.689 -0 558 3 LS4 2 /155
4 7./5% 0 %496 4 /. 25 /165
5 7672 ~0.375 5 /4. 23 /159
6 _7€33 -0 384 6 /%26 116
7 £289 -0.23/_ 7 /3.95 L0897
8 8. 269 -0.23)/ 8 /3.92 /. 085
9 7.299 - 9392 o) /5. 14 /137
0 9.316 00997 | s /4. 27 /I67
7 7.26/ -0 47/ / /Y, 25 /. /62
2 7056 -0.5/9 /2 /9.26 /165
/3 6.366 - 0 680 /3 /4. /& REsdin
/4 6246 - 0585 4 /4.2 L 159

W EXTERNAL PRESSURE TEST = TAP KO 10 BEGAN LEAKING,
DISREGARD FoR REMAINGER OF TESTS

WADC T 39-32
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C Pav ™ 1.199

¢ —‘9‘-.;—&% M= 1. 200

/' STING /-PA/?ACHUT[ SURFACE

/ PRESSURE TAP NO'S,

0 M
et

0 05 /0

Co SCALE : I'=40

Cp <0
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SCALE - 3"=1"
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TABLEMa_S.
RIBBON TYPE PARACHUTE PRESSURE DISTRIBUTION

= 290
SX7ERNAL PRESSURE TEST INTI WAL PRESSURE TEST
M 024 . M =05
Po= A6 oot t2 729 F |Pu=_BH4%6 pse t= W' _F
B = L4309 poi  RenQixlf’ 1P, = M2 pee  RemBUx[0°
mPw | Afpsn) | Cp |mem| Afpsw) | Co(t)
/ S.343 -0 638 / /4.2% l1.2/2
2 544/ -0.6/9 2 14.17 1.197
3 5 891 -0-526 3 14, 22 /. 207
¢+ | 6263 -0.448 4 /4.26 1.2/5
3 6. 796 -0.338 5 /423 1209
6 6948 -a307 6 /4.23 /209
7 7530 ~0./86 7 /3.93 /147
8 7535 —4/85 8 /3.90 L1406
9 6,955 ~0.326 0 /4,194 l./90
10 7 726 ~Q/45 0 /427 1.2/7
1 6.5% -av2¢ 1 y 14.25 L2413
2 6.077 A 487 12 /4.26 LS5
/3 5 #80 ~0.6// 3 14.18 1./98
£ | S v ~a.6/5 4. /423 1.2/

waDC TV 59-32
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WaDC W 59-3¢ FIG. 19. Shadowgraph Picture of a Ribboa
Parachute Model at dach Nr. 0.9i6
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P
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TABLE MO 4.
RIBBON TVDE PARACHUTE PRESSURE DISTRIBUTION

Mo, = 0.95
EXTERNAL PRESSURE TEST INTERNAL PRESSURE TEST
Moo = 0951 My = 2956 _
Po=_7995 psia t=_T29°F | Pu=_795/ poa t=_T7/0 F
By = /4399 psia Re=928210° | po= .32 nere me=972170%
MP M. | A (psi) Ce mem | A (psie) Co(+)
/ 5250 ~ 0542 / /4. 24 1237
2 F 343 —0.524 2 /417 1,222
3 L7778 - 9.438 3 w22 | 4233
p, £.2:4 - 0.352 4 /4.26 1,239
5 6.268 - 0.34/ 5 14,23 /1. 23y
6 6.845 -0.227 6 /4. 22 1232
7 7472 =0, /03 7 /3.93 /7%
8 7.49/ -0./00 8 /3.89 1.167
9 6.733 -0.249 o) 74,13 12/%
/0 7726 - 0.053 /0 1425 /249
7. 6.297 -0.3235 // /4. 24 /. 237
2 5.969 -0.400 /2 /4,25 /. 238
/3 5.392 -4.574 /3 1418 L 223
14 5382 -0.576 g /4 23 /.235

WADC TN 59-32
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¥16. 21, Shadowgraph FPicture of a Ribbm
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Cp,,= 259
LBz £fi)= 1 276
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~ . 453
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icp <7
g v v ey
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HALF MODEL OF
RIBBON PARACHUTE
SCALE : 37= 1"
PRESSURE DISTRIBUT/ON ON A 2.5
RIBEON PARACHUTE M = /.00
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i

TABLE M2 5 _

RIBBON TYPE PARACHUTE MESSWE DI STRIBUTION

Aﬁz [ 00
 EXTERNAL PRESSURE TEST INTERNAL qmsun: TRST
Ay = 2998 M = LY
=_I57% psia t=_22.9 F | Pu=_243T pem -t==_ZL_f’
Py = 14309 paq xJ05 1 p, = /432 psin Re=R96xi0®
|
AP M | A (psia) Cp jl nePm | A (psia) Cp(t)
/ _4722 ~d.5%0 / /425 /273
2 4.668 -0.550 2 477 [.258
3 508y ~0.472 3 /4.&2 /268
y S 475 -0 398 4 1426 1574
5 5 950 ~0.308 5 /1423 /27
6 6.478 -0.208 é 1422 /267
7 6,904 -0. /2] 7 /3.92 /.2r0
8 & 909 -0./26 8 /3.89 | _Lgos
9 6.336 ~9.23Y 9 /414 LES/
10 7.06/ -0297 || s 4,27 L2876
I 568 | -4370 J /4. 25 £273
12 I 255 -0.439 2 /4. 26 VA 264
/8 4. 790 - 0527 3 /4./8 /.259
/& | 4508 | -0.505 /4 /4. 24 127/

walC TV 59-3%
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WALC Til 59-32 FIG. 3. Shadowgraph Picture of a Ribbon
Farachute #fodel at pach Hr. 1.063
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TABLE NO _6
RIBBON TYDPE PARACHUTE DPRFSSURE DISTRIBUTION

Mo, = / 0&
EXTERNAL PRESSURE TEST 'I INTERNAL PRESSURE TEST
Mo = /. 06/ | Mo = LIE3
Po=7 03 _psia t= 72 9°F lf, Proz: 7007 paa t=__ 7/ s
Py = /%309 psia fe=246 107 : Py =232 psie Re=iisl] &
1
MP ML | A (psia) Ce T mene | A (psia) I Co(+)
/ 4 €/9 - 09425 | 14 24 /302
2 4 H72 -0 562 ” 2 147/ a 287
3 4872 -0 390 3 /4. 2/ _/.296
4 5294 - 0.3/4% 4 v /. 292
5 L 75y - 0.23/_ 5 X / 297
6 5 2%/ -0 /125 6 /ot 2/ /. 296
7 6.752 - 0.059 7 2.20 /. 240
8 6. 762 -2.059 8 /3.87 4238
9 6 /75 ~0/L5 9 A /. 289
10 6. 924 009 1 /%.25 /. 303
// S 45/ -0 285 // /y 23 /. 32/
2 3./08 -0.347_ | /2 /4. 2% /302
/3 4. 624 -0 %35 /3 /% 16 /.287
4 4 780 - 0400 - /4. 23 /. 200
-
46

waG I 59'32




JnlC TN 59-32 FIG. 25. Shadowgraph Picture of a Ribbmm
Parachute /lodel at .ach Nr. 1,131




Cpy, = 1319

—’i-ii'-f{,wj- 1. 354

/- STING DARACHUTE SURFACE
PRESSURE TAP NO'S.

Ce ’é‘f

0 'R
as 10

Cp SCALE:1"=10

/ Co<0
3,2
Cp >0

HALF MODEL OF -
RIBBON PARACHUTE
SCALE : 2"=1*

PRESSURE DISTRIBUTION ON A 25"
RIBBON PARACHUTE M, = /.17

YADC TN 59532 48 FlG. 26



TABLE NQ _T_

RIBBON TYPE PARACHUTE PRESSURE DISTRIBUTION

Mg, = /1 /2
EXTERNAL PRESSURE TEST INTERNAL PRESSURE TEST
Mo = £ /28 My = L115

Po= 6469 psa  t=_TE.9°F § Pu=_656/ pom 7/° F
Py = 14.309 psia Re=9533207 \p=4.312 pua Re=0E65x 7
HPM | A (psia) Ce mem | AR (pasa) Cp (+)

/ 4.472 -0 347 / /4,20 /.33/

2 3.993 -0, 430 z /4. /3 /. 3/8

3 4.325 -0.372 3 /%./7 /. 326

4 4 5kt - 0,335 p. 4.2/ /332

5 4. 99/ -0.257 5 /%./8 /.328

6 5779 -0./20 6 /4./9 /322

7 £.2/4 -0.044 7 /3 85 1279

8 6.2/9 - 0043 8 /3, 62 /. 265

9 5.823 ~-0//2 9 /4. 09 4327/

10 6. /95 - 0048 /0 1421 /333

' 4.83% | -0.28% / 14.20 4 33/

2 4.52/ -0.338 /2 4.2/ /332

/8 4. /30 - 406 /3 _ /4 /3 /318

4 4.536 -0.336 14 /4. /8 /.328

WADC N 59-32
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in0C TN 59-32 FIG. 7. Shadowgraph Ficture of a Ribbon
Farachute .iodel ot lach dr. 1.194
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7 d
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JABLE NO _B_
RIBBON TYDE PARACHUTE PRESSURE DISTRIBUTION

Moo, L2 /9
EXTERNAL PRESSURE TEST INTESNAL PRESSURE TEST
My = 1197 My = ./_/..9:’_
P £.969 psia  t=_T72.9°F || pp=5.965 poa t=_7/ ° 5
Py = 14259 pua Re=8592/07 | p = 14312 Lsia  me=969n100°
WP M. | A (psia) Ce men. | A (psie) Cp(+)
;| 4242 -0.29/ / 4. 1/ /. 373
& ' 3 454 -0.424 2 /402 /357
3 3.640 -0.394 3 /4.0 /367
4 3.699 -0.383 4 4.7/ /, 373
5 4./88 -0.30/ 5 /4. 09 /368
6 | 46/9 -0.228 6 /443 /.68
7 5534 ~-0.074 7 /3 74 YANZZ
8 5578 -0.066 8 /3.72 /.207
() 4. 864 -Q/87 9 /3 99 /352
10 % 333 ~-0.107 /0 /4. /2 /. 374
/1 4,05/ -0.324 /! 2 1.37/
12 3.797 -0.367 /2 /4. /7 1373
/3 3577 ~ 0404 /3 /4,02 / 352
/4 4.247 -0.29/ 14 14.09 1.36%

WADG TN 59-32 s2
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Ay v 0.65/2

M, » 0905
M, « 0956

—

4 My, = 0.6/0 (1}

l My = 08/12 (2)
/—M.. = 0.904 ()

SO a4 P Me = 0.95/ (4

Mo = 0598 (5)
Ay M= 1128 (7

3
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' -
"R\\ "M s 1.055 (6)
o,

My, = 179/ (8)
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FiG. 289
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FIGURE 32. SHADOWGRAPH PICTURE OF A GUIDE GURFACE PARACHUTE MOLEL
AT MACH NUMBER 0.615.
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i

TABLEML Y.
GUIDE SURFACE BARACHUTE PRESSURE DISTRIBUTION

Moo, ™ g o/
EXTERNAL PRESSURE TEST i INTERNAL PRESSURE TEST
M- 0605 Mow 06/2
Puo= 032 psc t=_72° F o= 10125 poa t=_ 97 5
Py = 14261 psa R=17Exs0” | = 435 pon R=4I2 W d
meva | A (psia) Co TPrud | R (psia) Cp (+)
3 9.599 -0.49/ 3 /L. /87 VAL
y 9 53/ -0.5/4 4 /4. 319 /. 095
5 08/9 -0.4/5 5 14,329 | 409
& /018 | -0095 | 6 /14,32 /.999
7 10.1€7 -0.297 ve /4. 334 /./00
8 /0 367 -0.228 8 /4,329 /099
9 10,338 | -0238 9 14,324 | 1997
/0 /0. 38 -0.244 /0 /4 324 /997
/7 /0373 -0.246 /7 14.32.4 /. /00
/2 10.294 -0 253 /2 14.334 /120
13 10. 304 ~0.749 /3 /4 329 /.999
22 10 209 ~0.248 I [+ 334 [ /20
/5 [9. 323 -0 243 /5 /4312 /. 095
/6 10.348 ~ 0234 /6 /¢ 329 1.099
/7 10.277 Y X4 d /7 /4 329 /.099
/8 /9, 799 -0 25/ /8 [+ 328 /. /02
/9 YTy + 0007 /9 /4. 334 1 /00
20 9927 | -0375 ’ 20 14324 /.097
2/ 9565 | -0508 2/ 14 729 /099
22 2658 ~0.#77 Lzz /14 324 7.097
57
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CIGURE .. SHAGOSGHAFH PLICTUHE OF A GUILE SURFACE FARACHUT: MOUEL
AT MACH NUMBER 0.805.
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JABLE Mi. L0
GUIDE SURFACE MARACHUTE PRESSURE OISTRIBUTION

Mup= 052
EXTERNAL PRESSURE TEST ﬂr INTERNAL PRESSURE TEST
Moy =L 805 Mo = 22L_
Po= 3294 oo t=_J2° F |Pu=_%385 psia t=__9 ° F
P, =+ (4237 gye R=B63% 0° || =18:320 geia  R=B20 %07
mp i | A (psia) (% arNe | R (p.s,u) Cp (#)
3 7437 -0.44/ 3 /4. /20 L1124
4 7968 ~0.457 | ¢ /4.30/ 1.767
5 7.7/6 -0.374 u 5 /4.3/6 .17/
& 9.272. -0.005 6 /4 3/6 )17
7 7.892 -0.933 7 /£ 32/ 1/78
8 8./27 ~0.277 8 /4.3/6 1.77/
9 8. /02 ~0.283 9 /4. 3/ 1.169
/0 8.073 -0.290 10 /#.3// L /69
!/ 8063 -0.292 1 /4.32/ L/7E
12 8.039 -0.298 2 /4.32/ 2./78
(3 8. 044 -0.297 13 /4.3/6 L1177
/4 8.063 | -0292 || 10 | s#£32/ | Li78
/5 8.068 -0.28/ 5 /4.3// 169
/6 8993 - 0.285 16 /4. 3/6 /1171
17 8097 -0.28¢ 17 /4 32/ /./72
18 8 04 ¢ -0.297 /8 /4326 2173
Ja 2.360 | +0.0/6 /9 /#32( 1772
20 Zge7 | -0332 26 13/ 2./769
2/ 7. 398 —-0.450 2/ [4.3/6 1./7/
22 7.500 | - 0.426 " 22 | /4306 | /68

%a0C TH 5932 61



. SHADOWGRAPH PICTURE OF A GUIDE SURFACE FA:ACHUTE MOUEL

AT MACH NUMBER 0,890. 62
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1
2
; TABLE A 11
F GUIDE SURFACE RARACHUTE PRESSURE DISTRIBUTION
1  Mae S08
H EXTERYIAL PRESSURE TEST INTERWAL PRESSURE TEST
B Mg » 2020 M= 40299
3 Pr= 8509 _pra tw_T2° F [Pu= BAIT pars t= 4’ &
Py = (4 25] pua Rym 505 d R=285xs0”
mPm | A (psia) Co MPM | A (esia) Cp (#)
3 3 o7 | -0.352 3 /4,105 /474
4 6673 | -0368 || o | /431 | 1217
‘i 5 71495 —-0.£89 5 /4.320 /219
6 8 70/ + 0,041 6 /4,320 /. 219
7 7. /50 - 0. 288 ” /4325 /220
8 7. 395 ~0..°36 8 /+4.320 /219
: g 7370 - 0792 g /4.21/ /217
/10 734/ -0.2748 /0 /4 3/5 /. Z/8
1 | 7326 | -8.£5/ 1 /4.325 1.220
; /2 7.3/7 -9.853 /2 /4 .325 1 2F0
3 13 7302 | -0256 13 | /4320 / 219
% Iy 732/ -5.252 N 44 /4.025 L.220
3 5 _7.326 -0.25¢ /5 /4.3/5 (218
3 6 | 736/ | -0.294 || 6 | /tus /.2/8
% 17 ] 7.395 _ﬂ,;."?__é_ /7 /#+ 320 /. 219
‘;‘ 18 | z317 | -0253 || 18 | 1tJ2s /. 220
3 19 | 88332 | +le69 § 19 | /4325 / 220
3 20 7.365 | -0842 i 20 /724 L7
§ 2/ 68352 | -4356 || 2/ /4,215 | 1,218
E 2 | £ 940 -0 333 22 /4.3// J 1217

WALC TN 5932 55




FICGUER 37, SHADOWGRAPH PICJURE OF A GUIDY SURFACE PARACHUTE MOLEL
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23 SUIDE SURFACE PARACHUTL
M,- 0556
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TABLE Ma /2
GUIDE SURFACE BARACHUTE PRESSURE DISTRIBUTION

M, =__ 054
EXTERNAL PRESSURE TEST INTERNAL PRESSURE TEST
M= 0930 Mo=_0956
Puo=_8&.145 _ psia t=_78" F Poe=_T7.958 psia t=_ 4 £
I Py = (4. 237 psic R¢=_9_’_7:_’o_5 Fo =432/ psia Re=_3_-7§"_f'i_f
WP N | R (psia) Co meme | A (esia) Cp (+)
3 6.689 -0 295 3 /4./07 /.208
4 6. 6/6 -0.3/0 4 /4.307 247
5 70%€ -0.723 5 /4.322 /. 250
6 & 564 + 0 090 6 /4.3/7 /. 249
7 6. 498 -023¢% || 7 /# 328 /.25
8 6 798 -0.283 8 Yo Y74 /. 250
9 6. 709 -0 .29/ } 9 /432 _/ e
/0 4 694 -0.294 10 /4.3/2 1. 2¥8
1 6 689 -0 295 /1 /43217 LA
/2 6.660 - 2. 20/ /2 /4272 1280
/3 6655 -9 207 /3 /f.2:7 . 245?_
14 6 E79 - 0.297 /4 /9. 328 1.25/
/5 6.679 - 4 297 /5 /%317 /249
/6 6. 709 _229 | g /4.3/7 /299
/7 6728 - 0 285 /7 /$. 222 /250
18 6670 | -0299 | 8 | /#3z7 | 125/
/5 8,666 + 2, /%% /5 22 7250
20 728 | —9/88 || 20 | 432 4, 248
2/ 6. 655 -0 302 2/ 1¢.3/7 ’.249
22 6759 -9 28/ 22 /4.3/2 /.248
WnlC TN 59-32 69




FIGURE 42« SHADUWGRAPH PICTURE OF A GUIDE SURFACE FARACHUTE M
AT MACH NUMBER 1.007, 7
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TABLE Ma /8

GUIDE SURFACE PARACHUTE PRESSURE DISTRIBUTION

M.,.- L

A T 5§32

EXTERNAL PRESSURE._TEST INTERNAL PRESSURE TEST
Moy = 4027 Moo= LO0T
Pa=_T7.960_ psua t=_72° F [lp.= L2436 _psic t=__9%° F
Py = 14237 pua  R= 9492107 || B, = 12.327 Ly R =899 /0%
mem [ A (psic) Ce TPHA | A (psia) Co (+)
3 6363 -0206 | 3 /4,097 [ 242
< 6786 -0222 || 4 _14.308 128/
5 6726 | -0/39 | s 12322 | 84
& 8.267 | 40 /52 s | sta7 | 283
2 | 598 _ g 262 , | 4732 /286
8 ¢ 227 -0, 233 8 /4, 322 [ 284
9 6./93 -0.239 o | se37 /287
/0 6168 -0.249¢ || 0 /9322 /284
/! 6 173 - 0243 | /] 14322 ) 28F
/2 6./24 -425/ /2 /9327 [ 2ES
13 6. /29 -4.252 /3 /9322 /P64
1a 6184 | —p249 a | /2237 /287
/5 6. /44 - 0.7¢9 '5 /4.217 | 7283
/6 /73 | -02¢3 | 6 /4327 | 1234
7 6.2:2 -0.236 i 47 14587 1,285
/8 6. /329 -0.250 | ;8 /% 332 .286
/9 834/ + 4 /66 : /9 /4 327 1285
20 £57¢ 808 20 | [EZT_ | 4,783
2/ 4. 305 -22/8 1 2 14322 /. 284
22 643 | -0.195 J 22 /% 317 /283
73
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TARLE MO /¢

GUIDE SURFACE PARACHUTE RPRESSURE DISTR/IBUTION
Hu‘- /07
EXTERNAL PRESSURE TEST INTERNAL PRESSURE TEST
M= LOIE M= [ D67
Puw_ 6902 prc tm T70. F |Pu=_6.987 50 t=_ 97 ’
Py = 4237 gyg R=959 0% |l p = /4. 4.30% pin R,=9090107
e na | A (psa) Cp i meno | A (esia) Cp(+)

3 6,235 ~0/04 { 3 1408/ | 274
4 6 237 -0.020 | 4 /4 29/ Pl
s | 6wz | 0056 | s /% 376 JYZ I
| & | 829 | +0227 | g | saie | 1214
| e s 84/ l - 2/9/ {' 7 /4. 3/9_ K _’,-;'/,’9_ '
I 6./39 l - 0137 i! 8 /4 | o |
g é\.&?/:~ 17 Y7 : fe /8 o0 [ /o r o
10 6 04% 9. 154 0 /8.356 | [/ T4
Lo/ & 046: - /54 Ly /8.3 e }
R R VU VE R RV R E

13 604/ | -055 i 3 (4266 | ot

z: 086 | 05PN e | sdIve | L

/5 604/ | -6.I5% ﬁ /5 NERY s |

/6 o7/ | -0/50 v .5 | sdz90 | /304

N R VT B W R A s i

'8 032 | =0/57 N oug | Fiu_ | L2E

/9 8165 +0. 225 /9 /¥ 31/ L E |

20 6 756 ~ 3. 026 20 /4320 L34 i

2/ 6.2¢27 -0,/22 2/ /4. 396 Rtadl

22 6335 ~ ). /02 22 /4 30) 214 J
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PISURE .3, SHALOwLRAPH PICTURE OF A GUILE SURFACE PARACHUTE MOLEL
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TABLE Ma /€
GUIDE SURFACE PARACHUTE PRESSURE DISTRIRUTION

EXTERNAL PRESSWRE TEST

INTERNAL PRESSURE TEST

M= 1130 Moo= _1 135
Pao=_ 6924 ;50 t=_72°r o = 6922 s &= 9¢° ¢
Po= 1429 pua R=965210°\p =19.329 puq p=02x 07
mPm | A (psa) Ce TAPNO | A (os.u) Co (+)
3 6.192 = 0040 3 /4. 017 [ 3/Z
4 _6./09 -0.055 4 /4 242 /. 35/
5 _6.623 +0 035 5 /14.257 /353
6 8./74 *0.305 6 /4,252 1352
7 4,073 -0.4/0 7 /4.267 /355
8 4445 -0 345 8 /4. 262 /254
9 4387 - 4355 9 /4, 252 /352
10 4338 -0.363 /0 S 252 S 35a
// 4,352 -0.36/ /] /4262 /254
i2 #.308 - 0.368 /2 14.262 1254
/3 £./9/ -0.389 /3 /4 257 VAR
7 H.2/5 -0 385 14 /4257 1350
Iy # 215 ~0.385 /5 /4257 /,35:5
/6 4.728¢ | -0373 /6 14.262 | 1354
/7 4.33?__ ~0363 17 /4,262 1354
18 4 253 -0.377 /8 14,267 L3585
/9 g./79 40,306 /9 /4.262 | /354
20 6735 40054 20 /%25 /350
2/ 6./124 - d.052 2/ 14257 1350
22 6,246 -0.03/ “ 20 /4.252 /352 J

TN 59-3z

81




a s
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TAGLE NO 16

GUIDE SURFACE PARACHUTE PRESSURE DISTRIBUTION
Mooy, = /.23
EXTERNAL PRESSURE TEST INTERNAL PRESSURE TEST
My = L234 Moo= (230
Po=_56/5 psa tw_72° F ||Pu= 5678 o5 t=__B° F
Py = (2290 puy R=271200% o) = 14.374 g5 R=092810"
TAP M A (psia) Co TAP KO R (pswa ) Cpop {+)
| o o6} 22347 4 3 12880 | [L76F
4 6.043 40286 4 4086 | /.98
5 6508 v 0.596 5 /4. 08/ L399
6 1839 | 11986 || ¢ | a0 | sy
4 3704 -1.264 7 1+ 09/ /. 399
8 4 149 - 0.980 8 14.097 7399
9 ¢08/ | /076 o | Aosr | ax7
/0 iﬁé -7 07/ 10 /4 086 FARED 4
7 4 o3z ,0Z8 | /] /4. 096 .42 _._):
12 S 963 -/ /04 ; 12 /_{ﬁé’/ /-—3-;7
13 3880 | /160 3| 4086 | 1254
14 399 | -/135 | e 1909/ / 345
15 3.929 ALV T 2495/ /359
/6 3.993 - 1084 || e 1 ode /324
;7 | 2o0s | —se92 | ;| Hos6 | 328
/8 3968 | -s00 || 8 | /4096 | 1400
/9 76r4 | +/236 || 0 | /%09 | 1399
20 &6 380 + 5,578 20 14.086 /228
2/ 5.935 +0. 2/ ¢ 2/ /%086 /. 394
22 | 608 | 40270 | o5 | 408/ | 1397
WnuC TN 59-32 o
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